Background: Canonical oligodendroglial tumors (ODGs) are characterized genetically by chromosomes
Full Text
Oligodendrogliomas (ODGs), first described by Bailey and Cushing in 1926, are relatively uncommon diffuse gliomas with relative male preponderance and preference for cortical location. [1] , [2] Chromosomes 1p/19q codeletion, first reported in ODG tumors in 1994, [3] is now an established molecular signature for canonical ODG tumors with prognostic and predictive utility. [3] , [4] , [5] , [6] This is an important diagnostic marker for identifying the typical ODGs among the histological heterogeneous pure and mixed ODG tumors, which are inherently endowed with histomorphological interpretative variability. An unbalanced t(1;19) (q10;p10) translocation, with the chromosomal breakpoints located close to the centromeres of both chromosomes, is one of the plausible cytogenetic mechanisms of codeletion . [7] The present study is aimed at the evaluation of frequency of 1p/19q codeletion by fluorescence in-situ hybridization (FISH) in the diverse histological spectrum of ODG tumors; and, attempts to establish a correlation of the same with clinical and pathological parameters.
Materials and Methods
The present study was undertaken after the approval of the Institutional Ethics Committee. All ODG tumors Immunohistochemistry p53 protein overexpression (monoclonal mouse, clone D07; 1:50, Dako, Glostrup, Denmark) was performed on a 4-µm-thick representative formalin fixed paraffin embedded (FFPE) tumor section and were interpreted under 40× magnification. The details of the interpretation of the p53 protein was done as illustrated in our prior study. [8] Fluorescence in-situ hybridization 1p/19q FISH test was performed using commercial fluorochrome-labeled Vysis locus specific identifier (LSI) dual color probes (Abbott Molecular, Illinois, United States) localizing to 1p36 Spectrum Orange/1q25 Spectrum Green and 19q13 Spectrum Orange/19p13 Spectrum Green.
Interpretation
Sections were viewed under an Olympus BX53F upright fluorescence microscope equipped with appropriate excitation and emission filters (allowing visualization of the orange and green signals), QIcam Olympus camera, and Qcapture pro 7.0 image analyzer software. For all cases, at least 100 nonoverlapping tumor cell nuclei were counted for 1p and 19q, with each parameter being assessed separately. Cases with a ratio (1p/1q and 19q/19p) of <0.8 were considered as deleted for 1p and/or 19q. [9] The results were thus expressed as "1p/19q co-deletion," "isolated 1p deletion," "isolated 19q deletion," and "1p/19q non-deleted". The tumor was considered to have polysomy if ≥30% of nuclei showed 3 or more signals for both 1q and 19p. [10] In cases with absent/weak interpretable signals, the tests were repeated before considering them as "uninterpretable."
Statistical analysis 1p/19q FISH results were correlated with the clinical and pathological parameters in pediatric and adult The male: female ratio in the pediatric age group was 2:1 (males = 12, females = 6), and in adults was 1.8:1 (males = 428, females = 230). Overall, the most common location was frontal (n = 317, 46.8%), followed by temporal (n = 97, 14.3%). Other locations included parietal (n = 64, 9.4%), frontoparietal (n = 63, 9.3%), temporoparietal (n = 37, 5.4%), frontotemporal (n = 39, 5.7%), insular (n = 23, 3.4%), parietooccipital (n = 12, 1.7%), occipital (n = 9, 1.3%), thalamus (n = 8, 1.2%), cerebellum (n = 4, 0.6%), and corpus callosum (n = 3, 0.4%).{Table 1}{Table 2}{Table 3}{Table 4}
Histology
The histological subtypes were [ Table 1 Table 4 ]. In the pediatric age group, calcification was seen in 37.5% (3/8) of pure and 30% (3/10) of mixed ODG tumors. In adults, calcification showed a significant statistical association with pure ODG histology (P = Pediatric: 1p/19q codeletion was seen in 1/3 of pure ODG tumors with calcification as compared to 1/4 tumors without calcification. However, none of the mixed ODG tumors with calcification (0/3) were codeleted.
Adult: 1p/19q co-deletion showed a statistically significant association (P = 0.03) with the presence of calcification in pure ODG tumors as compared to the absence of calcification (72.3% versus 60.5%). In mixed tumors, calcification was more common in the codeleted subset (23.1% versus 11.2%); however, the incidence was not statistically significant (P value = 0.07).
p53 protein expression p53 protein expression in different tumor subtypes is summarized in [ Figure 1 ].
Pediatric: Of the 2 pure ODG tumors with nonpositivity for p53 protein, 1 was codeleted (50%). p53 protein expression was not available for the other 2 cases of codeleted tumors.
Adult: p53 nonpositivity showed a significant statistical association with codeletion as compared to p53
Histological spectrum of oligodendroglial tumors: Only a subset show... http://www.neurologyindia.com/printarticle.asp?issn=0028-3886;year... positivity (overexpression), both in pure ODG (70.3% versus 30.3%; P value: 0.00) and mixed tumors (21.7% versus 0; P value = 0.000) [ Table 4 ]. However, it is to be noted that 30.3% (10/33) of pure ODGs showed p53 protein overexpression with 1p/19q codeletion.
Discussion
Cairncross et al., [11] in 1998, first reported the independent prognostic and predictive role of 1p/19q codeletion in high grade ODG tumors. This was followed by many other studies. [ (MLPA), array comparative genomic hybridization (aCGH) and next-generation sequencing (NGS). FISH and PCR-based LOH are the most frequently used and time-tested standard methods. [4] , [6] , [16] FISH is a robust and relatively easy implementable method on formalin-fixed, paraffin-embedded (FFPE) tissue; [4] however, it cannot distinguish between the full chromosomal arm and partial losses that span the probe sites. [17] It is also inherent with false positive results, especially in cases with genomic imbalance (relative deletions of target 1p and 19q in presence of reduplication of control arm). [6] Although PCR-LOH analysis has the advantage of evaluation for multiple loci within each sample, it requires more tissue, a nonneoplastic control sample, and is also not very specific for whole chromosome losses, is more labor intensive, and is a relatively blind procedure. [18] Radiation Therapy Oncology Group (RTOG) and EORTC study trials used the FISH technique for the detection of 1p/19q status. Recently, NGS has been shown to be more sensitive than FISH in the detection of 1p/19q status; however, accessibility of the technique is a major limitation.
[14] Despite variability between different centers and trials, the interpretation of FISH data is reproducible in most cases. [18] The present study is an audit of 676 ODG tumors retrospectively evaluated for 1p/19q by FISH. The average age distribution for various grades of tumors and the male preponderance [ Table 1 ] noted in the study is concordant with the existing literature. [19] , [20] The frequency of 1p/19q codeletion in various studies varies from 50-90%, suggesting the histological heterogeneity of ODGs. [21] , [22] , [23] In the present study, the frequency of codeletion in pure ODG tumors was 59.2% (205/346) and 11.8% (39/330) in mixed ODG, which is lower in comparison to that of 89 and 65% seen in the study by in Miller et al., [24] and Reddy et al., [25] in their series of pure ODG tumors, respectively. Singh et al., [20] reported codeletion in 81.8% of pure ODG tumors and in 35.3% of mixed ODG tumors in their total series of 100 cases of glial tumors evaluated by FISH; Shukla et al., [26] reported codeletion in 60% of pure ODG tumors (12/20) and in 44.4% (4/9) of mixed Histological spectrum of oligodendroglial tumors: Only a subset show... http://www.neurologyindia.com/printarticle.asp?issn=0028-3886;year...
ODG tumors. The possible reason of a relatively lesser percentage of codeletion in the present study may be due to the inclusion of cases across different age groups and locations; moreover, the cohort under discussion is disproportionately larger. However, the frequency of codeletion in patients >25 years, of pure ODG tumors and mixed tumors, in the present study is 62 and 12.6%, respectively. The low percentage of 1p/19q codeletion in mixed tumors can partly be explained by the inclusion of GBM-O. Fifty-eight cases were adult GBM-O, of which 3 were codeleted (5.2%); this finding is similar to that of a previously reported study.
[4], [22] Nineteen nondeleted cases of 58 adult GBM-O were a part of our clinical study of GBM-O. [27] Furthermore, the relative codeletion was noted in 2.7% (18/676) cases with polysomies. Studies have shown that irrespective of tumor grades, polysomies associated with codeleted ODG tumors are associated with an unfavorable outcome with shorter progression free survival (PFS) and OS. [10] , [22] , [23] This study also emphasizes the occurrence of 1p/19q codeletion in pediatric and young adults. In the pediatric age group, 25% of the pure ODG cases and 10% of the mixed tumor cases showed codeletion. In the age group of 19-25 years, 31.8% (7/22) of pure ODG cases and 3.8% (1/26) of mixed tumor cases showed codeletion, possibly suggesting the occurrence of a distinctive adult type of ODG tumor in the older pediatric and young adult population. Rodriquez et al., [28] also found 1p/19q codeletion in 25% (10/40) patients with a pediatric ODG, with 8 of them in the 16-20 years group. Raghavan et al., [29] reported codeletion in 3 out of 26 patients with a pediatric ODG in the age group of 10-18 years. However, Suri et al., [30] reported codeletion in 4/7 cases in the age group of 19-25 years and none in the pediatric age group (0/7; age range: 3-18). Similarly, several studies showed no 1p/19q codeletion in patients with pediatric ODGs. [26] , [31] , [32] , [33] However, these findings re-emphasize the occurrence of the adult type (1p/19q mediated) type of ODG in the pediatric age group, especially in the older children.
The most common location of adult ODG tumors in our cohort was frontal followed by the temporal lobe [ Table   1 ] and [ Table 3 ] and 1p/19q codeletion was significantly associated with the frontal location (P = 0.004), as is reported in the literature. [34] , [35] Interestingly, insular (7 pure and 16 mixed) ODG tumors showed codeletion in 13.04% patients and all were associated with a pure ODG histology [ Table 3 ], which is in concordance with that reported by Wu et al. [36] However, the literature on insular ODG tumor for 1p/19q is conflicting. Gozé et al., [37] in their series of insular low grade ODG tumors (n = 12), showed no codeletion and hypothesized the insular gliomas to be of distinct molecular profile with a relatively worser prognosis and reduced chemosensitivity, as compared to those seen at other sites. Subsequently in 2013, Gozé et al., [38] reported codeletion in 1/11 (10%) patients with pure insular grade II gliomas and 6/36 (17%) patients in the paralimbic group. Wu et al., [36] reported codeletion in 57% (4/7) cases of pure insular tumors. This variability is possibly because of the inclusion of parainsular based tumors, rather than those situated in a true insular location. It is also interesting to note that only one nonhemispheric (cerebellar) case showed a 1p/19q codeletion [ Table 3 ], suggesting that deep seated tumors are distinctive from the hemispheric ones.
Interestingly, the presence of calcification within pure ODG tumors in adults (P = 0.03) had shown a statistically significant correlation with 1p/19q codeletion, which is concordant with the findings reported in literature. [21] The current study reemphasizes the occurrence of lesser frequency of p53 overexpression in pure ODG tumors and of higher frequency of p53 overexpression in high grade tumors, which is concordant with the existing literature. [39] In this study, an inverse correlation was observed between 1p/19q codeletion and p53 protein overexpression [ Table 4 ], which is possibly indicative of mutually exclusive events. This finding is also corroborative with that of McDonald et al., [40] who reported p53 protein overexpression in 20% (11/55) of 1p19q codeleted and in 48.6% (35/72) of nondeleted cases, respectively.
The present study is unique because it is the largest single-institution based series (n = 676) from India and has representation of the different histological spectrum of ODG tumors across different age groups and locations. In the present study, 60% of pure adult ODG tumors showed 1p/19q codeletion {with the highest frequency (63.2%) in the age group of 41-60 years}. However, it is uncommon in the pediatric age group, with 25% cases being seen in the pure ODG and 10% cases in the mixed ODG tumors. The study also demonstrated the occurrence of 1p/19q codeletion (in approximately 13.04% patients) in the insular ODG tumors, which is contrary to the traditional belief. Adult patients with a pure ODG histology, frontal location, presence of calcification, and p53 protein nonpositivity had statistically significant correlation with the 1p/19q
codeletion. Overall, this study reiterates the existence of heterogeneity among the similar histological groups for 1p/19q codeletion; thus, evaluation for 1p/19q codeletion in histologically confirmed ODG tumor is an absolute requisite for identifying the canonical (that has a better prognosis and a more predictive course) type of ODGs.
